The localization of the GTP-binding protein TC10 to lipid raft microdomains has been suggested to play a role in the stimulation of GLUT4 translocation. The exocyst has now been identified as a downstream target for TC10, directing GLUT4-containing vesicles to the site of fusion.
Spatial Compartmentalization of Insulin Receptor Signals in GLUT4 Translocation
TC10 appears to function independently of, but in concert with the signaling pathway involving the insulin receptor substrate (IRS) and phosphoinositide 3-kinase (PI 3-kinase) (Figure 1 ). Unlike other Rho GTPases but similar to H-Ras, TC10 contains a CAAX motif, which undergoes both farnesylation and palmitoylation. These post-translational modifications target TC10 to caveolin-enriched lipid raft microdomains in adipocytes [3] . Because of their distinctive lipid composition, these microdomains segregate multiple palmitoylated signaling molecules and thereby form spatially and functionally organized signaling cascades [4] . The activation of spatially compartmentalized TC10 involves the tyrosine phosphorylation of Cbl by the insulin receptor in collaboration with CAP and the adaptor protein APS. When Cbl is phosphorylated, the CAP-Cbl-APS protein complex is recruited to the lipid raft microdomain through interactions between the sorbin homology (SoHo) domain of CAP and the caveolae-resident protein flotillin. The tyrosine-phosphorylated and lipidraft-accumulated Cbl then recruits a complex containing the adaptor protein CrkII and the guanine nucleotide exchange factor C3G into the lipid raft microdomain. The recruited C3G then acts on TC10, resulting in the exchange of GDP for GTP. The correct spatial compartmentalization of these signaling molecules in the lipid raft microdomain appears to be essential for insulin-induced GLUT4 translocation and glucose uptake, as these insulin-mediated events are abolished by dominant-interfering mutants of CAP that prevent the localization of Cbl to lipid rafts [5] .
While it has been well established that activation of PI 3-kinase and subsequent generation of 3′-phosphoinositides through the IRS signaling pathway are essential for insulin-stimulated GLUT4 translocation [6] , an important remaining issue is the basis for the remarkable specificity of insulin action. For example, the PI 3-kinase signaling pathway is widely activated by a range of hormones and growth factors yet insulin triggers specific metabolic activities that are not common to the other hormones and growth factors.
The discovery of a second insulin signaling pathway responsible for the translocation of GLUT4 that is generated at the compartmentalized lipid raft microdomain provides an important conceptual framework for our understanding of insulin actions especially with regard to its highly sophisticated specificity in the context of the activation of promiscuous signaling molecules. Importantly, the Cbl-TC10 signaling pathway is functional only in fully differentiated adipocytes owing to their well-developed lipid raft microdomains [7] . The central importance of these microdomains in insulin action is supported by multiple studies demonstrating that disruption of these structures using a dominantinterfering caveolin-3 mutant and various pharmacological agents all perturb insulin-stimulated GLUT4 translocation [8, 9] . Consistent with these data, the compartmentalization of TC10 within these microdomains has been shown to be essential for insulin-dependent activation of TC10 and GLUT4 translocation [3] .
The Exocyst as a Downstream Target for TC10
Based upon the data described above, there is an intriguing hypothesis that the lipid raft microdomains act as signaling platforms that regulate specific insulin signaling molecules that are required for specific biological actions of insulin such as GLUT4 translocation. Now the work by Inoue et al. One important finding is that overexpression of fulllength Exo70 in 3T3L1 adipocytes results in the potentiation of insulin-stimulated glucose uptake, whereas the amino-terminal fragment of Exo70 markedly blocks glucose uptake without any obvious inhibition of GLUT4 protein translocation to the plasma membrane. By using a tagged GLUT4 reporter protein, the amino-terminal fragment of Exo70 was found to specifically prevent the tethering and/or docking of GLUT4-containing vesicles, a necessary prerequisite for plasma membrane fusion. However, the amino-terminal fragment did not alter the intracellular trafficking of GLUT4 en route to the plasma membrane, because GLUT4 vesicles accumulated underneath the plasma membrane. These data suggest that the recruitment of the exocyst protein complex to the lipid raft microdomain through the interaction between TC10 and Exo70 is necessary for the final steps in the GLUT4 exocytosis process.
These findings are in excellent agreement with the accumulating evidence that the exocyst protein complex is required for exocytotic vesicle targeting and docking at specific areas of the plasma membrane such as sites of polarized exocytosis [10] . In budding yeast, the exocyst proteins are localized to regions of active cell-surface expansion -the bud tip at the beginning of the cell cycle, and the mother-daughter connection during cytokinesis [11] . In both cases, secretory vesicle accumulation was observed in yeast cells deficient in each individual component of the exocyst. The exocyst protein complex has also been shown to accumulate at growth cones and the tips of growing neurites in developing neurons [12] . In epithelial cells, the exocyst proteins are localized near to the tight junction, a region of active basolateral membrane addition: treatment with an anti-Sec8 antibody was found to block basolateral secretion [13] . So, although the precise molecular details have not been elucidated, the exocyst complex is clearly implicated in directing vesicles to their appropriate sites of fusion.
At [14] . The formation of a stable ternary complex between these SNARE proteins brings the exocytotic vesicle and target membranes into close proximity, and eventually leads to their fusion. In adipocytes, the v-SNARE VAMP2 (or synaptobrevin2) in the GLUT4-containing vesicles, and the t-SNAREs syntaxin4 and SNAP23 in the plasma membrane play an essential role in the final fusion step of GLUT4-containing vesicles [15] . In addition to these v-and t-SNARE proteins, there are several accessory proteins involved in the exocytosis of GLUT4-containing vesicles including Munc18c and Synip [16,17]. As described above, the exocyst complex is responsible for tethering the exocytotic vesicles to the appropriate sites of the plasma membrane. While it is obvious that these SNARE proteins and their accessory proteins are required for the final fusion step of GLUT4-containing vesicles, integrating GLUT4 protein into the plasma membrane, the recent work by Inoue et al. [2] focuses attention on the tethering of GLUT4-containing vesicles, which is regulated by the TC10-exocyst interaction. As it so happens, this occurs at the lipid raft microdomain and demonstrates that this spatially restricted subdomain of the plasma membrane plays a key role in insulin-stimulated GLUT4 exocytosis. 
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